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4^3}-^- # ^ ^l^^M % a]s ^ ^ ?? ^ U"^ {Optical 

signal performance monitoring apparatus and method for multi-channel optical 
transmission systems} 

£ l-8r ^ Ht^^ 4^- % A] Jr ^ ^ <y^*Hl# 7 fl 3=3-2.3. 

^ ^^f«fl <^S]^ 4^4^ H J4 M-Bl-^cf. 

£ 5tt «ti<£=l # ^#7]# o]^>cJ % Al^ ^ ^#^-^1 cJgjjA-1 

4. 
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Al^^ofl^ Cf *fl^ # Aj^o] g ZL ^ofl ^ 

^Efl^ cff^J- # aI^b^o. ^ ^ ^(Point-to-Point) ##^-2-5. 

^£)&JL^ 4^ ;£^Aj o. 7 ].^cf. ZLE^l4 ^1)2) 

4^4^ ^ ^ # ^7] ^ tq-^7l(0ptical add drop 

multiplexer)^)- % $S £-*l]7l (Opt ical cross connector)!- ^-g-Srfe- ^ tfl 
^ (Point-to-multipoint) ^^^-^-^ ^Sl-SrJl Xl^r. 0 l5)tr cf^s}-^- 

S^^- 7^7)1 S]<H ^fl^^ # A^oj ^-^1711 ^4. 4^ °lBltr Cf^5|-^- 
-tl^^i ^£ ^ # «t ^jS* oxf-j- ZLEU ^a}-£ q) ^-a-rijl- # A]jr 

£5)-^ No. 5,986,782)2]- ^ o. 23 ^(n)^--!^ No. 
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5,995,255), =l^JL 3^3*>(K. Otsuka, EC0C97, pp. 147-150)* °l-g-*Rr 

%4j3L tfl ^g-«l* o^^jl ^$J^Cf£ *f|^g tfl ^tilSf 4 

^ <r ^^-ir 7>^14. SE^V 71^3] s\^^ <>)^ 

^-g-T5>7) flfc ^ ^-«fl¥* ^71 ^«fl^^ «-3l]7> 7]^^ #^-4 §2 3X|# 

2]^°] €- 71-^1 Cf. 

^h^i ^ ^ijl ^ ^ *h**h=- cii 

<10> ^ ^-^ol o-|JfLj7*}- ^ tf-E 7l#^ 4*flTr #7} % ^ ^ 

°H^i ^*Js)^ # ^ ^ ^ tt o v ^* afl^Rf cfl s>m. 

^131 ^ 4^4^ # ^Jl4 ^37]!- ^floj^H *U 

^ ^K>^ afli^sHS- U J4 ^ WS^i 4# 1 I5- £-3^ ^124^ 
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^ ^12^^2}-^- wis] ^711- spS^S- #^V^r # i^Rr 

<12> >y-7l t}-E Jtj-^fl# O] s.7l 4^4# # ^i* a1^^H*1 4 

^ # AljE. ^ ^ tij-^^ Cf^Sf^- # ^Jl^l ^37l# *)HsH 

*1114^« tij* ^^sfe (a)^3l, ^ltff^ tij* (b)^7fl, Al§ 

*1 ^WlS £-el^ ^124^^ U J* (c)^^l ^ ^I2cf# 

^(ASE noise)^ M]?)^ ^ ^8*Rr (d)^^l 

<i3> o^}, tg-igoJi rcj-s. % Al^^bflAi % AiJl ^ # 

<14> 5L ^ofl 4^ % a] 2. ^ ^ ^lfi] H^Hl" 7 fl^^o.S 

44^ # <y^(10), % *1§ g ^J=L( 2 0), 2)^ tiVA^ 

(70) ^ # 3#^(60)» 3£#«M tM3^I4. 

<15> £ 1# % °g^^f(io)^ 4^4^ # 

(spot) 3.71 # aiMsH Xlltf^^ ^(1D* 48^?b4. # ^^-¥"(10)7> # A] 
jL5q 37l# #-g-*H % ^#^-(60)5. ^^S]^ ^24^ 

4# U (61)31 37l7> *1H£4. 
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<16> # X\& ^ ^^«.(20)^ ^14^4^- ai(ll)^ Al^>jl, 3)^ ^ «}A>«. 

(70) S.^] ^^Slfe ^tS. ^-^^ ^I2cf#2)-^ «J(22)# ^^Al^lcf. 

<17> 5)^ £ tLUpf(70)^r % ^ ^^«.(20)ofl c>]Sfl A]^^ afllcf^W 

^(21)^8: ^A^Vji, a}^s) ^flit^s}^ «K21)-4 s^ts. ^-el^ 

*H2cH^*J- ^(22)* ^^W. ^-^^^-S., ^ ^-^-(70)^ 4^ £3-*f 

(30), ^^(40) ^ # «]:^(50)# S^*H tMS^. 

<18> £.e)*L(30)ir # a]§ * ^#^-(20)^1 H J 

(21)# sHg-t-S. ^ S^^M ^13^4^- «j(31)# ^^W. 4^ 

£-&|^-(30)tr ^^UOHH ^I3^#s}.^- «J(31)3f #uL 

^ 4#4^(32)* sf^S. ^e] ^ sl^H ^U^B^o 1 - 

^(21)4 *fl2t}^3pg- «i(22)# ^ ^, ^ ^-^-^-(30)^ 

<3^H^ ^ (waveform)^: <8«W>*1 ^#-3- ^-^ ^ 

<19> ^^«.(40)^ 2}-^- ^.^-a(30)ofl 5l5fl s^sH # ^Hf(50)5- 

51^ ^34^4^- tt J(31)^ ^sj-Al^ji, S*V, # a]-A>«.(50)^Ei h>a> 

^-(40)^ 3# a1^7]^a^ ^-e|-^(30)^ 2]^. ^^(polarization 

dependence loss)-§- #^l?l7l aHMM, 1/4 s}-^ #3l°lH(quarter 

wave plate)S ^^cf. ^, tajo] 1/4 ^ 1- s)] o] e # -f-^ nflc]-^ 45 °*J ^ 
# ^l^lcfl, ^ ^-eJ^OOHH m^A^ °J(31)^r % 
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ABK50)5. <$A\m. n ^% ^^(40)1- 7\*\T$.<q 45°&%&&S\5L, % 
(50HH tiVAfs]^ sH)- «-^«(30)S S^l^^i ^^(40)« 
tH 45°^%^«r^cf. 4# £-3^(30)51 <8 y J(32)-8r *l) 

3 Cf^3f^- «l(31)^ «lM>oi ^Bfl7> 90°wHfl7fl SM, ^^H 3>W 

(30)31 ^ £-3* ^ o^cf. 

<20> ^a>«-(50)^ ^134^4^ ^(31)^ ^4^S.°fl ^33: ^£5L 

^ ZKa)O.S. 7}-g;0]Z\ 9XSLT$, o}^ 7)^7)2. ^-¥-(40)3.-^ 

^(40)S. 74)°^}=}^. % aVA}«.(50Hl cfltflA^ £ 21- 4M1*| ^€ 

<21> Tjl^sflAi , % ^#-^-(60)^ % A}§ £ ^^«.(20)o)l s}*fl sj-^-igS 3^r€ 

sH^t « ^Bjul ^M 1 ! cfl ^-g-all- # 

(60HH s^s)^- t} ^ #Ajjro] ^71^ ^> h^ji ^lmt 

3"4»-Sl Cfl -^mf % Aj^o. - olcf. 3 ^JjL 

(60)°fl cHsflA^ £ 51- t^sH 

<22> E. lofl # ^JjLQO)^ Cf^Sj- 

^-(20)^ ^icf#2f^v «J(ii)# a]&*}JL, 3? **HH70)fe Aj^s} 
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14^4# «](2i)^- 3^ ^ ^>^H ^U4^^ u J(2i)4 ^ 

A-j sHJ-tS. -g-em ^124^21-^ y J(22)^r ^tb4. 

<23> sf^- «.^«.(30)^ Al§^ ^14^4^ ^(21)# 4-^5. £ 

3 31 Sl^^M *H34^4# a J(31)-§- ^34^4^ U J(3D^r £ 

^ a. (40)1- Jg.^}.^ ^^-^^Jl, *H34^4^ ^^r Al^A 

7}^o]^\ ^^}^50)^\} A2±.^A B^-S. «Va}£M, 4*1 ^ 

% ^«r^f(40)# 4# £3^(30)5. ^^i}. 44 £ 

# ^^(40)^ 1/4 4# #3HS5. ^s}^ ^cf^s}-^ *K31)£: 
Jf (40)» t> Si 44 45°^! ^^^M ^^r€ 4#4# 

^](32)£- *fl34^4^ »?K31)4 90°^ ^^r^^H 4# £3^(30)5. 

<24> 3}-^- «-^w.(30)^ ^^-^M 4^4# ^(32)^ 4# 1 I5L -gr^ ^ s)^*> 

^ ^114^4^ ^(21)4 ^^<MH ^tS. -S-sm 

<25> Tfl^SlH, %X\^ ^ ^^w.(20)^ ^24^4^ y J(22)-|: ^^4. =LZ\JL 

, # ^#^(60)^ %^ 3\ 3^-(20)°lH Q4?% *H24^4# «J(61)4 M}7] 

^*lt>: 4^#^ y o v # ^#(ASE noise)^ M}7}% ^4°} %H3L cfl 

<26> o^HH ti}-<q- ^ol, % ^ ^-¥-(20HH 3^ ^ SMH- 

(70)5. ^4^1x7 Cf^Sj-^- 5]^ ^ tiU)-«-(70HH % ^ ^^(20) 
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^cf. ^, 2)^ ^ a_u^(70)^ % a]§ * ^4Hf(20)<HH cf^ 
5)-^ 13(21)3)- % g ^^Hf(20HH 3^3^ *J(22H % a]§ 

^ 3^(20) ^ ^1 Al ^ t}^ «Jl-(21 ) 22)ol AjS. 

<27> £ 2^ H 1<*IM % «>^> : ¥-(50)7> 7l^^l # «VA>«-(50)«fl^1 

< 28 > £ 2# %3i-5\°$, % ^V^-(50)^ 71^^ 7.\^(a)&r % ^H^OHl^ 

<*1H ^ ^ v ^-^-¥-(30)^1 *fi SJ^fe 

<29> l] tan£=h/f 

oo> ^, % h>a>«-(50)^ 7l^r^^l z}-H a # ^H^-o.^ # «}-a>«-(50)S.-?- 

y>A>sl ^ 4f^# y9# 5£-£-^, *r*M H ^*H. # 

^ ^- WlA>a-(50)^ 7lel(f)<Hl S^Ml 4^*1, 3^3*1-^ ^"§r 71$ 
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(30)^ % lVA|-«(50)^ t^* 3)*fl £-8: ^ $m. 

<3i> S. 3-c- 5. H J£^l€ #*HH ^ £-^(30 HI Sl*lH 21-^5. 

4^4^- «i(31)4 # <£A}Jf(50Hl o^iH tiVA]-^ * £-e^(30Hl ^ ^ 

a}s1tt t^s^ «J(32)^ ^4^S.# t+Bf^cf. 
<32> £ 36\}X] uupf (50)^r °g^5i]^ cf^s)-^- «K31)5} ^4^5.^ 

7l*o^^ oi^fj, ^^(40)«- -f-*flA} t^spg- «J 

(3D* «u> aI^a^ ^ «-e)^.(3o)oil 7)j ^^Ai^icf. 

£ 3<>fl 51 a^ £o) sj-^j- «.^«.(3o)^ S^^lAi °m * 

^s^j- i§}(31, 32)^ ^Utt ^ ^, yz ^^Ml $1*1 ^-g: iL^t}. 

<33> £ 4^ £ lofl £A]Sl % Aj^ ^ ^4^(20)^1 S\o] 

^1 c^s}-# «j(2l)^) ^.^S.^ ^ ^el -¥-(30)oll ^t^fl^l 4^3. *fl ^-e)^ 
^ % ^ ^]^«(20)o11 <y ^ £1 ^ t^i^V H J(22)^ M-Ef-Hcf. 

<34> £. 3^- ^ ^ 7\-i;0]^ ^ W>A>:f-(50)o)| 2j Sfj Sj-^- ^-S}-?- 

(30)5. <g§J ^ #^3^ ^sHS- ^ ^ ^ yz^£°fl ^^1^-* ^.^nf 

. Ol-Bl-Ai, £ 4°fl £Al^ % Hi ^^(20)011 O^^A-1 Al^SM 

^ ^ a) ^-(30)5 °g^£l^ a J(21)4 s}-^- ^-5l«-(30)«^l spj- 

*H ^-^^ ^ # a]^ ^ ^^«(20)<H1 <?J^5)^ ^(22)£r ^ a] 
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3 -¥-(10)5.-^ % g ^j^«.(20)<Hl 13(11)4 # a]§ 

^ ^-^(20 HI % ^#7l(60)^Hl 13(61) ^a] 
# * 3^Hf (20)^0)]^ ^<a*l yz^^^Hl Jg^sMl ^^l^Ml 

# ^ ^#^-(20)^1 S]*V ^*}<3 <g^-g- ^ ^ 5^^, ^ o> 

^el- ^ a)§ ^ ^ ^«.( 20 )^H1 a|<^ ^ cf^sj-^- (21,22)^] oil 
(f -number, ^7l)» ^0J^>7fl Sfl^i}. 

£ 5^ afll^ f 3 #71(60)-!- # a]§ ^ (20 HI 

£ 51- yfl°l€ # ^#71(60)^ n7fl^ ^^(Pixel)S ^ 

^^H^ ^OBj z]- 3*^0] k7fl o] 5fl ^ ^3 4^4^- igjsj 4 

*cHl Sfl^tf. k7fl^ sflvd Ai^S. tH^^ Hi-^r sj-^" el ^-(30 HI 

n*\ 4^3. ^-Sl^ ^ ^- Al§ ^ ^^«.(20)ofl <2ls|H % ^#7l(60)^Hl 4 

^^4- % ^#71(60)2} A ^€^r 3^r€ 13^ ^ 4*<M1 

^fl^Sl^ % ^l7l# ^#*>4. # ^#71(60)5. Cf ^fl^ ^Jl^ *fl^ 

Sr^Hl ^SHr % 4712]. zl- sfl^ 34^- AfoHl c^ 1lL v ^^^^04 ^ 

€^ % 4| 71 ^ 7>^^^Hj-# ^(ASE noise)^ #^^H ^ t 
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nfll^ # ^#7l (photo diode array sensor H ^sfl *fl\| ^aJ^o) 

§ ^ ^^(20)^Ai a] cf^s)-^- ^(21)4 % a]§ * ;*J4^(20 HH ^ 
c^s^ aj(22)ol # a]§ * ^^f(20) ^<HH ^<^tr ^ofl 3*1*} 
^ 4# sl-^-^ : i-(21,22)ol a^s ^Aj-ofl ^a§^ ^ 

*r^- ^2}-^- # Aj^EfloflA^ # Ajjr ^ ^ #*)^ ^- £.7) ^ 

^ ZLE-]S.S. 7l# £-0)0} ^Al^. 7 |.^1 7>S}ig 0)^^ 

^ ^ ^f-fr t| ^*H)7 r 7}^S}4^ ^olcl. -M- 

*i^tr 7|#^ -ij-*)^^^ 7"|#^ Aj-Aj-oj] o)^ 
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jLJij-] 

^ ^ gj zi « 0 v*H n} = ig, 4 « ^fl^t ^7l5q- 3> 

^*H1 tfl*v «^^-a- sl^s}- ^ StU mi^i <Hl=^# -fM^ 
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[3^8" 1] 

t^s^ % ^ % 41$. ^ ^ 5£<H*1, 

%*\$L<>) ^37l# X|<H*H ^fli^^HS- ^ 

-8-71 ^ i&a}«H ^-71 aflitH^ 

2] 

^134^^^- H J* -A^jI, 4#3j.^ v II* jWSS 

U* ^*Rr 4# £-3^; 
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#7l *fl3cH^sH# U ^ # ^H^l^SlH 4f^# 

*fil^ 4iS 7]^^ 5U<H, # 7 ] ^ ^#«.^«-Ei ^AfS]^ 

^134^^-^ *fl2^ a>A>Al^ #7] tiVA>^ cf^s}-# hi o_s^ 

2. ^ ^ 
3] 

^12%H1 &<>H, #71 s}-# -g-el-^ 3*)- S^ofl ^^ftb cf^s]-# 4 

-g-S^lH ]£i=- ^^Al7l^ 2]^ ^ o. ^lo S ^ ^- a]Jt 

^ ^ 
[^^J- 4] 

*fl3*<H $a<>H, 

A oM # tiVA]-^.^ 7l^-7l ^ #7l # ^Up^ #7l S}-# £b1-*M1 TiSl-I- 
*lH*H, #7l # n> ^Jf S «-Ei S^Z^H) og^^^ Cf^Sf# «] ^ 

#7l a_VAf«-^W-Ei 2)^^7H1 ^J^fe «J 5) ^3 ^ ^Alofl ^ cfl 

e^^Ml ^ *l A] 7l ^ ?J-§- f^)0 S ^ ^ #Jl #^ ^ #*]. 

[^^r*J- 5] 

*H2*<H sH^i, #71 £^±r i/4 4# #ell^ms.A-i -§-4sm 4# 

2}-# HIS] 450^^ 71^ jjRr # *!Jl 3^ ^ ^ # 
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6] 

% ^ Al^^Hl^ % US. ^ «<HH1 StM^i, 

(C) ^lCf^Sj-^- 2)^ ^ »):A}f>}^ #71 ^114^2}-^- 

#31; ^ 

(d)^7l ^I2cf^^> ^^>ZL, A]2^^ 47]» s)-^ 

xl^oHA]^ 7><^^^wJ-# ##(ASE noise)^ ^7l# ^Ajjr cfl 

# ^*Kr #« i^*Kr ^ilsL ^ # ^JJl ^ ^ 

7] 

^16%H1 SJ^^, #7l (c)^^l^ 

(cl) ^-7) A]^^ ^icf^sj-^- ty-g; sj-^-^gs £sl ^ ^3^2)- 

# H-fr ^*Hr #31; 

(c2)^7l ?J^-§- #SU]7lfe #3); 

(c3) ^-71 (c2)^]o\]a\ ^134^4^- ^ y>A>^-o.s. til 

*HVfe #31; 

(C4)^7l ( C 3)#3HH tilAHg tff^ ^5fA] #7% ; * 
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(c5)^7l (c4)#7jHH sJ-^S. ^ ^ S)^ 

# ^12- ^¥ ^ y <HL 
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*)l7*oHj 9X°]*\, ^7] (c2) ^ (c4) #7lH^ ^13^3x1-^- «i ^ 

«_U>^ ^ 45° 53^- ^J5-^ SRr # 4]Jl 
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